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最近の研究

• Manchester           (Michigan) 

• Mikic & Linker       (SAIC)

• Hayashi                 (Stanford)

Global Corona

-コロナ底部～地球軌道
-Trans-alfvenic MHD flow

世界の研究グループ



典型的な計算手順

STEP 1

STEP 2

STEP 3

ポテンシャル磁場＋
パーカーの太陽風解

境界物理量(温度密度)の操作

CMEの伝播

Time Asymptotic Method

与えられた境界条件で定常解を得るまで
計算を行う。初期条件はほぼ任意。



STEP 1 

• 温度密度を一様とする。
• 視線方向磁場を用いる。
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(c) Boundary Magnetic Field at 1.15 Rs
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(a) EIT Temperature (CR 2006)
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(b) Boundary Temperature
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Fig. 1.— Boundary maps at 1.15R!. Plot (a) is the temperature map obtained from the
EIT emission ratios. Plot (b) and (c) are the smoothed temperature and the magnetic field

map imposed on the inner boundary sphere at 1.15 R!, respectively. The solid and dashed
contour lines in Plot (c) are made with the interval of 1 Gauss for positive and negative
polarity, respectively. The circles, (x), (y) and (z), highlight the regions discussed in the

text.

(ポテンシャル磁場＋
パーカーの太陽風解)

relax ベクトル磁場を使う改善点



シミュレーション 観測 (1994,Chile)

SAIC



STEP 2 (境界物理量の操作)

• 温度や密度などを徐々に
観測値に近づけていく

• 自転の効果を入れる
– 9 –

(a) Field lines and density in 1st simulation step

(b) Field lines and density in 3rd simulation step

(c) Field lines and given temperature map

(d) Field lines near plane of sky
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Fig. 2.— Field lines and boundary plasma parameters. The closed field lines obtained in the

first simulation step are drawn in Plot (a). The field lines obtained with the third simulation
step are drawn in Plot (b) and (c), with the brighter lines (yellow lines in full-color version)
showing the newly open lines. The brightness on the sphere in Plot (a) and (b) shows the

density at 1.15 R!, and the brightness in Plot (c) shows the given temperature. The field
lines and solar surface plasma are viewed from the direction of Carrington longitude of 90

degrees and the heliographic latitude of 6.5 degrees north that approximately corresponds
to Earth’s position on 2003 August 22, 21:00 UT.
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(a) EIT Temperature (CR 2006)
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(b) Boundary Temperature
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Fig. 1.— Boundary maps at 1.15R!. Plot (a) is the temperature map obtained from the
EIT emission ratios. Plot (b) and (c) are the smoothed temperature and the magnetic field

map imposed on the inner boundary sphere at 1.15 R!, respectively. The solid and dashed
contour lines in Plot (c) are made with the interval of 1 Gauss for positive and negative
polarity, respectively. The circles, (x), (y) and (z), highlight the regions discussed in the

text.

relax



and 49.4 hr after the launch of the CME (Figs. 3 and 4). We
consider a coronograph with a field of view of 32 (similar to
LASCO-C3), 64, 100, and 200 R!, respectively, looking at the
Sun from the x-axis, i.e., the direction directly perpendicular
to the CME propagation axis in the current sheet. Figure 3 (top
right) shows two density isosurfaces corresponding to an increase
of 30% (red ) and a decrease of 70% (blue) over the preevent den-
sity structure. The observer is looking at the CME as it is moving
away from him in the y-direction. The associated line-of-sight
image is shown in the top left panel of the same figure. Both the
front shock and the density-depleted cavity are visible in those
pictures. Particular to these figures is the presence of the dense
core of plasma of the flux rope. This density increase near the
current sheet is embedded into the density-depleted cavity; it cor-
responds to the brightness increase at a distance of "2 R! near

the heliospheric current sheet (Fig. 3, top left). The sigmoidal
shape of this dense core is specific to the GL model and intro-
duces a three-dimensional core of mass that is seen as a red back-
ward ‘‘S’’ embedded in the cavity that appears blue in Figure 3
(top right; Gibson & Low 2000). Since this dense core of plasma
is embedded in the cavity, it only results in a weak density in-
crease over the background (the maximum total brightness in the
core is about 1.03 times the preevent brightness), but it is still
discernible in this line-of sight image, because the cavity leads to
a surrounding brightness decrease. Both figures show the large
angular extent of the shock. It can, however, be noted that an in-
crease by a factor of 2 in the density does not lead automatically
to an increase of 2 in the associated brightness. A line of sight
going through the shock also goes through many points with
almost no density increase, and the integrated brightness along

Fig. 4.—Top left: Line-of-sight images of the CME, 24 hr after its launch, as seen from a coronograph looking at the limb CMEwith a field of view of 100 R! with the
Sun offset by 40 R! The black disk, corresponding to 2 R!, shows the occulting disk of the coronagraph, and the white circle shows the size of the Sun. Top right: Two
isosurfaces showing a density increase of 30% (red ) a density decrease of 20% (blue) over the preevent density structure, 24 hr after the launch of the CME. The yellow
sphere is positioned at the Sun and has a radius of 10 R!. Bottom left: Line-of-sight images of the CME, 49.4 hr after its launch, as seen from a coronograph looking at the
limb CME with a field of view of 200 R! with the Sun offset by 100 R!. The large black disk, corresponding to 4 R!, shows the occulting disk of the coronagraph, and
the white circle shows the position of the Sun. The smaller black disk shows the position of Earth in this picture with a size of 0.5 R!. Bottom right: Two isosurfaces
showing a density increase of 30% (red) a density decrease of 30% (blue) over the preevent density structure, 49.4 hr after the launch of the CME. The yellow sphere is
positioned at the Sun and has a radius of 10 R!.
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STEP 3 (CMEの伝播)

• CME self similar solution 
を伝播させる。

rope. The background corona is insufficient to provide this pres-
sure, which leaves the flux ropewith unbalancedmagnetic forces
that drive the eruption.

4. SIMULATED LINE-OF-SIGHT IMAGES OF CME

4.1. Calculation of the Brightness of a Density Structure

We first describe the synthetic line-of-sight images of a CME
propagating into the inner heliosphere, as seen, for example, by
LASCO. The line-of-sight images are produced as follows: A
satellite position is defined, as well as the direction in which it is
looking (in this section, the satellite is in orbit at 215 R! and
looking directly at the Sun). The plane of the sky is defined as
the plane perpendicular to the particular line of sight joining
the Sun and the satellite. The dimension of the image and the
number of points in the radial and azimuthal directions are input
parameters (the images in this article range from 200 ; 200 to
300 ; 300 points). The mesh is regular and polar; each point of
the line-of-sight image is separated by the same radial distance
and the same angle. For each point of the image, the line of sight

passing through this point and the satellite is defined, and the
density is calculated at discrete locations along this line. Then
the total and polarized brightnesses are calculated using a for-
mula from Billings (1966):

I ¼
Z 1

#1
!
!
(1# ")

"
2C # A cos2(#)

#

þ " 2D# B cos2(#)
" #$

dl;

pB ¼
Z 1

#1
! (1# ")Aþ "B½ & cos2(#) dl;

where " is the limb-darkening parameter, fixed at a value of
0.5; hereafter, A, B, C, and D are functions of the half-angle
subtended by the Sun only, and # is the angle between the plane
of the line-of-sight image and the line connecting the Sun’s cen-
ter and the mass element in the line of sight. This way, it is pos-
sible to reproduce features related to a large-angle coronograph.
Here Figure 2 shows the corona viewed from the x-axis (limb

Fig. 2.—CME propagating along the y-axis, as it would be seen from a satellite in an Earth-like orbit with a field of view of 32 R! centered at the Sun. All views
correspond to the time t ¼ 5 hr.

Fig. 1.—(a) Color image of the velocity magnitude of the steady state solar wind solution in the meridional ( y-z) plane. ‘‘Streamlines’’ drawn in white illustrate
the direction of the magnetic field in the plane. Note the bimodal nature of the solar wind speed. (b) Three-dimensional representation of the coronal magnetic field at
t ¼ 0 hr drawn as solid white lines. The flux rope is drawn with magenta and blue lines showing the toroidal and poloidal fields, respectively. The white surface is a
density isosurface corresponding to 2 ; 1016 g cm#3 and showing the dense core contained in the GL flux rope. The false color sphere shows the magnetic field
strength at the surface of the Sun for our model.
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+30%

+30%

-20%

-30%

密度等値面初期 flux rope

self consistent な解を用いる改善点



Coronal modeling の方向性

Coronal 
modeling 

現実的なCMEモデル

energy 方程式の改良

観測の取り入れ



研究計画
• 今年度

- 3次元CIP-MOCCT コードの球座標化（一ヶ月）

- 高精度な太陽風定常解をつくる（二ヶ月）
- 現実的な境界条件の取り入れ（MDI, EIT, Solar-B）

- CMEの伝播

• 来年度以降
- 極の回避(陰陽グリッド？)

- 宇宙天気につなげる



最近の研究
• Manchester (Michigan) 

• 4.9 million grid

• Mikic & Linker (SAIC)

• 101x75x64

• Hayashi (Stanford)

• ？x？x？



見積もり

• Cs ~ 137 km/s

• Va ~ 449 km/s (β=0.1)

• Δr > Rsun/100 ~ 7e3 km

• dt ~ Δr*0.4/Va ~ 6.2 sec

• Total time ~ 5.0e5 x 3 sec

• Total step ~ 3e5 step 



現状

二次元MHD CIP-MOCCT コード

B.C.Low Self similar solution

テスト問題



太陽近傍の構造
• コロナ加熱
• 高い熱伝導

• flow < sub alfvenic

• static atomosphere

• Large scale height

• Dense atmosphere

Total Eclipse 1970

+
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(c) Boundary Magnetic Field at 1.15 Rs
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(a) EIT Temperature (CR 2006)
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(b) Boundary Temperature
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Fig. 1.— Boundary maps at 1.15R!. Plot (a) is the temperature map obtained from the
EIT emission ratios. Plot (b) and (c) are the smoothed temperature and the magnetic field

map imposed on the inner boundary sphere at 1.15 R!, respectively. The solid and dashed
contour lines in Plot (c) are made with the interval of 1 Gauss for positive and negative
polarity, respectively. The circles, (x), (y) and (z), highlight the regions discussed in the

text.
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Fig. 1.— Boundary maps at 1.15R!. Plot (a) is the temperature map obtained from the
EIT emission ratios. Plot (b) and (c) are the smoothed temperature and the magnetic field

map imposed on the inner boundary sphere at 1.15 R!, respectively. The solid and dashed
contour lines in Plot (c) are made with the interval of 1 Gauss for positive and negative
polarity, respectively. The circles, (x), (y) and (z), highlight the regions discussed in the

text.

現実的な境界条件

K.Hayashi



シミュレーション 観測 (1995,India)

SAIC



シミュレーション 観測 (1997,Mongolia)

SAIC



シミュレーション 観測 (1998,Venezuela)

SAIC



シミュレーション 観測 (1999,Turkey)

SAIC



シミュレーション 観測 (2001,Africa)

SAIC



シミュレーション 観測 (2002,Australia)

SAIC



シミュレーション 観測 (2006,Libya)

SAIC


